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Combining Magnetic Tweezers and Fluorescence to Study DNAMismatch
Repair by MutS, MutL and MutH
Evan T. Graves, Strick Te´rence.
Institut Jacques Monod, Paris, France.
Magnetic Tweezers are a powerful, highly parallelizable, single-molecule tech-
nique that allows the conformational manipulation of individual, double-strand
DNA molecules. It allows the user to measure mechanical or enzymatic work
done on DNA by proteins present in the solution. Total-Internal Reflection
Fluorescence (TIRF) Microscopy is another prolific single-molecule technique
which allows the user to detect and localize individual proteins in real-time. We
have constructed an apparatus which combines the two techniques, allowing
the user to simultaneously detect both the localization of proteins on DNA
and the subsequent action of these proteins on the DNA. We apply this novel
technique to study properties of the mismatch repair system embodied by
the MutS, MutL, and MutH proteins. During genome replication, single-
nucleotide errors are inadvertently created in the daughter-strand sequence.
The detection and elimination of these errors is essential in maintaining an or-
ganism’s genomic stability. In E. coli, MutS, MutL and MutH are the three pro-
teins responsible for detecting error-induced mismatches in the double-strand
DNA and then initiating the excision process that will remove the mismatch.
MutS recognizes the mismatch, MutL links MutS to MutH and MutH cuts
the error-containing daughter strand, initiating the mismatch’s removal by
downstream agents. Although the roles of these proteins are crucial to quench-
ing replication mutations, the process by which they assemble onto the DNA
remains unknown. Using the combined Magnetic Tweezers and TIRF tech-
niques we are able to probe the recruitment of these proteins and measure
the kinetics of their assembly onto DNA, their movement along it, and their
eventual nicking of one of the strands.
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In Vivo Investigation of DNA Replication in Escherichia Coli using Single-
Molecule Fluorescence Microscopy
Charl Moolman1, Sriram Tiruvadi Krishnan1, Serge Donkers1,
Rodrigo Reyes-Lamothe2, David Sherratt2, Nynke Dekker1.
1Delft University of Technology, Delft, Netherlands, 2University of Oxford,
Oxford, United Kingdom.
Our research involves investigating the process of DNA replication in living
cells. More specifically the dynamics of the replisome components in living Es-
cherichia coli cells during the replication termination process. Our current
knowledge of the replisome dynamics, and the termination process, has been
obtained mainly from in vitro experiments that were not done on the single
molecule level. However, the natural environment of the cell is considerably
different from that of in vitro solutions. These differences can have a significant
influence on how certain proteins function in a cell. Interestingly, it is now pos-
sible to monitor single-molecule processes using fluorescence microscopy in-
side genetically modified living cells, by tagging their native proteins with
fluorescent probes. In our research we employ single-molecule fluorescence
microscopy to track individual repli-
somes with other replication-related
proteins, and investigate their dynamics
during the process of DNA replication
in living bacterial cells. The single-
molecule sensitivity can add to our
understanding by providing further in-
sights into processes that are hidden by
ensemble-averaging techniques. Here
we describe the microscopy techniques,
the micro-fluidic devices and the various
gene manipulation techniques utilized
in researching the above mentioned
molecules.1448-Pos Board B218
Computational Analysis of Electron Tunneling Pathways of Blue-Light
Photoreceptors
Ryuma Sato1, Takahisa Yamato1, Hirotaka Nishioka2.
1Nagoya University, Nagoya, Japan, 2Kyoto University, Kyoto, Japan.
DNA phtolyases and cryptochrome DASH (cry-DASH) enzymes in the blue-
light photoreceptor family repair UV-damaged DNA by photo-induced electron
transfer reaction. Recently (Miyazawa et al., 2008) we analyzed the electron
tunneling pathways in a class I CPD photolyase derived from A. nidulans
and identified a key residue, Met-353, which is perfectly conserved in the class
I CPD photolyases. Interestingly, this site is switched to histidine in 6-4 photo-
lyases, and to glutamine in cry-DASH enzymes. For instance, Met-353 is re-placed to Gln-395 in cry-DASH. It is likely that the amino acid residue at
the site controls the enzymatic functions of the blue-light photoreceptor family.
Until now, the electron transfer pathways in cry-DASH enzymes remain un-
clear, while those of CPD photolyases are studied well.
To characterize the roles of the amino acid residue at the site, we performed
molecular dynamics simulation and electronic state calculations of the CPD
photolyase of A. nidulans and the cry-DASH. We analyzed the electron tunnel-
ing pathways in the forward and backward electron transfer reactions between
FADH- and CPD of these two enzymes. As a result, we observed busy traffick-
ing of electron-tunneling current at both Met-353 of the CPD photolyase and
Gln-395 of the cry-DASH.Transcription
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Dissecting the Nucleosomal Barrier to Transcription
Toyotaka Ishibashi1, Lacramioara Bintu1, Manchuta Dangkulwanich1,
Wu Gloria1, Lucyna Lubkowska2, Mikhail Kashlev2, Carlos Bustamante1,3.
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3Howard Hughes Medical Institute, Berkeley, CA, USA.
The nucleosome, which represents the fundamental unit of chromatin and an
intrinsic regulator of transcription, consists of a histone octamer and ~150
base pairs of DNA. The histone proteins in turn contain two functional regions:
the histone-fold domains, which make strong contacts with the DNA and orga-
nize it into the superhelical structure specific to the nucleosome, and the histone
tails, which are highly positively charged and can stabilize the nucleosome fur-
ther. Both histone regions, but especially the tails, are the target of many post-
translational modifications associated with gene expression. The sequence of
the DNAwrapped around the histones, in addition to facilitating the positioning
of the nucleosome, can promote RNA polymerase II (Pol II) pausing, thus mod-
ulating the nucleosomal barrier.
We will describe how each nucleosomal component - the histone tails, the spe-
cific histone-DNA contacts, and the DNA sequence - contributes to the barrier
that the nucleosome imposes on transcription elongation by Pol II. Removal of
the histone tails favors progression of Pol II into the entry region of the nucle-
osome by locally increasing the wrapping-unwrapping fluctuations of the DNA
from the histones. In contrast, point mutations in the histone-fold domains that
affect histone-DNA contacts at the nucleosome dyad abolish the barrier to
transcription in the central region by decreasing the local rewrapping rate.
Additionally, the nucleosome amplifies sequence-dependent transcriptional
pausing, an effect mediated through the secondary structure of the nascent
RNA. Each of these elements of the nucleosome barrier controls transcriptional
elongation by affecting in a distinct manner the density and duration of pauses,
and thus provides alternative mechanisms for the regulation of gene expression
by chromatin remodeling and other transcription factors.
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Gregor Heiss1, Ramya Viswanathan2, David Auble2, Don C. Lamb1,3.
1Department of Chemistry, LMU Munich, Munich, Germany, 2Department
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Gene transcription is a central process of life and is highly regulated with a mul-
titude of transcription factors. Recently, we could show that dynamics of the
Tata-box Binding Protein (TBP) on the promoter site also plays a role in
gene regulation. Using single-pair Fo¨rster Resonance Energy Transfer
(spFRET) experiments, we have monitored the conformation of TBP bound
to the H2B promoter site in the presence and absence of Mot1. Upon the bind-
ing of Mot1 to the TBP-DNA complex, a high FRET state between TBP and
labeled DNA is formed. Contrary to what was expected, Mot1 bound to
TBP-DNA complexes was unable to dissociate TBP from the DNA upon addi-
tion of ATP. Instead, the TBP-DNA complex returned to its original conforma-
tion even thoughMot1 remain bound to the complex. Only whenMot1 was also
present at nM concentrations in solution was dissociation of TBP from the pro-
moter site observed upon addition of ATP. This suggests that a single Mot1 is
either insufficient or inefficient at dissociating TBP alone.
We also used spFRET to monitor the DNA conformation during the interaction
of Mot1 with TBP-DNA. TBP-bound DNA was observed to fluctuate between
three conformations. The FRET values of the conformation varied depending
on the orientation of TBP on the promoter. Fluctuations between the same con-
formations were observed whenMot1 was bound to the TBP-DNA complex but
Monday, February 27, 2012 285awith an altered kinetics. The results suggest that Mot1 primes incorrectly bound
TBP for dissociation, preferably freeing promoter sites with an inappropriately
bound TBP molecule.
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Transcription initiation of eukaryotic protein-coding genes is a multi-step pro-
cess that requires assembly of RNA polymerase (Pol) II and the general tran-
scription factors into the closed complex. Then, the DNA surrounding the
TSS is melted and inserted into the Pol II active center cleft to form the
open complex (OC), the starting point for RNA synthesis. The OC is hence
a central intermediate in the initiation-elongation transition and insights into
its structure are crucial for understanding the molecular mechanism of tran-
scription initiation.
X-ray crystallography has provided detailed insights into the architecture of Pol
II in different functional states, but structural studies of transcription initiation
have been hindered by the flexibility of Pol II initiation complexes. As a conse-
quence, the structure of the OC remains unknown.
Here, we employ single-molecule Fo¨rster Resonance Energy Transfer
(smFRET) and Nano-Positioning System (NPS)analysis [1] to determine the
3-dimensional architecture of a minimal OC consisting of Pol II, promoter
DNA, TBP, TFIIB, and -IIF. Briefly, by using smFRET, we measure distances
within double labeled OCs and the NPS computes 3-dimensional position prob-
ability densities of unknown sites on upstream DNA, TATA-DNA, TBP, and
TFIIB, which allows us to build a model of the OC.
We show that in the OC, TBP and TATA-DNA reside above the Pol II cleft
between clamp and protrusion. Downstream DNA is dynamically loaded into
the cleft and unloaded from the cleft at a timescale of seconds. The TFIIB
core domain is displaced from the Pol II wall, where it was located in the closed
complex. Hence, our results define the overall structural changes during the
initiation-elongation transition, and reveal a key role for the intrinsic flexibility
of TFIIB in accommodating these changes.
[1] Muschielok et al., Nature Methods, 5, 965 (2008).
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Molecular Basis of RNA Polymerase II Transcription Fidelity
Dong Wang.
University of California San Diego, La Jolla, CA, USA.
A long-standing key question in the transcription field has been how Pol II
achieves such a high transcriptional fidelity, with an error rate ranging between
104 and 105. Maintaining transcriptional fidelity is vital to cells and organ-
isms. Novel insights into this subject have recently emerged from a combination
of structural, genetic and biochemical studies, suggesting that the high accuracy
of Pol II transcription is achieved by specific nucleotide selection and by re-
moval of misincorporated nucleotides (proofreading). Here, we use a combined
approach including pre-steady state transient kinetics, X-ray crystallography,
and molecular dynamics simulations to elucidate the roles of electrostatic ef-
fects, such as hydrogen bonds, and of steric effects in controlling Pol II tran-
scription fidelity.
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RNA Polymerase II Translocation and Fidelity are Governed by Trigger
Loop Dynamics: A Single-Molecule Study
Jing Zhou1, Matthew H. Larson2, Craig Kaplan3, Murali Palangat4,
Roger D. Kornberg1, Robert Landick4, Steven M. Block1.
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RNA polymerase II (RNAPII) carries out the transcription of all mRNA in eu-
karyotic cells. During transcript elongation, RNAPII must select the correct nu-
cleotide, catalyze its addition to the growing RNA chain, and move stepwise
along the template DNA until the gene is fully transcribed. The trigger loop
is an evolutionarily conserved protein subdomain that has been implicated in
substrate selection and catalysis in multi-subunit RNA polymerases, but its
role in the elongation process is not fully elucidated. Here, we used an
optical-trapping assay with high spatiotemporal resolution to probe directly
the motions of individual wild-type and trigger-loop mutant RNAPII mole-cules. We report direct evidence for trigger loop involvement in the RNAPII
translocation event. Global fits to the force-velocity relationships for RNAPII
and its trigger loop mutants support a Brownian-ratchet model for elongation,
where the incoming NTP is able to bind in either pre- or post-translocated
states, and movement between these two states is governed by the trigger
loop. Under conditions that promote misincorporation, the observed pausing ki-
netics suggest that the trigger loop governs fidelity in both substrate selection
and mismatch recognition.
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Insights into Abortive Cycling during Initial Transcription by T7 RNA
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Luis E. Ramirez-Tapia, Craig T. Martin.
University of Massachusetts Amherst, Amherst, MA, USA.
RNA polymerases are characterized by conflicting requirements during initial
transcription and elongation. In the initial phase, an RNA polymerase must rec-
ognize a specific promoter sequence, melt the DNA at the start site, initiate de
novo synthesis of a dimer RNA, and extend that RNA in a hybrid that is ther-
modynamically unstable to collapse of the melted bubble. Hybrid growth in
turn ultimately drives promoter release and a structural transition that enables
topologically locked RNA entry into a stabilizing exit channel, establishing
a stable elongation complex.
Perhaps not surprisingly, short RNAs are not stable during initial transcription,
leading to their abortive release. But hybrid stability is only part of the story. In
T7 RNA polymerase, a single point mutation (P266L) in the protein, distant
from the hybrid, leads to a dramatic reduction in abortive release on most pro-
moters. Current models suggest that the mutant releases promoter contacts
more readily, transitioning to a stable elongation complex sooner.
New results reveal the opposite behavior: P266L releases promoter contacts
later than wild type, suggesting an overall increase in stability of the initially
transcribing complex. Based on kinetic studies, we present a testable model
to explain how growth of the hybrid serves to drive a timed transition to
elongation.
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Transcription of DNA into RNA is the first step in gene expression and is there-
fore a common target of regulation. The last few decades have witnessed a sig-
nificant advance in our understanding of the biochemical mechanisms
underlying RNA synthesis by RNA polymerase (RNAP). Despite many phe-
nomenological observations establishing a functional relationship between
DNA template mechanics and transcription, very little is known about how
the mechanical features of DNA interact with RNA polymerase on a mechanis-
tic level. To shed light on how DNA bending and torsional stresses impact
RNAP function, we examine the mechanical interaction of bacteriophage T7-
RNAP with several circular DNA fragments that differ in length and linking
number. In particular, we employ molecular dynamics to simulate the interac-
tion of T7-RNAP with the following three DNA minicircles: 100 base pair(bp)
with linking number 9 (Lk=9), 106-bp with Lk=10, and 108-bp with Lk=10.
Each of these corresponds respectively to underwound, overwound, and relaxed
configurations. The simulations reveal that torque from T7RNAP induces local
relaxation of the bend angle of the circular DNA motif. Furthermore, T7RNAP
induces out-of-plane deformation of highly strained DNA minicircles. Differ-
ent torsional stresses seem to impact DNA conformation to various degrees:
change in internal torque (undertwisting/overtwisting DNA) forces circular
DNA complexed with T7RNAP to contort into a new shape. Based on these ob-
servations, we investigate the following: i) how the shape of a supercoiled DNA
molecule impacts the barrier for the polymerase translocation step and ii) why
DNA twist and bend angles are important factors in determining the transcrip-
tion rate on strained templates.
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Role of DNA Bubble Collapse in Initiation and the Transition to
Elongation-A Common Mechanism in all RNA Polymerases
Satamita Samanta, Craig Martin.
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The well-studied RNA polymerases fall into two distinct classes: the ‘‘single
subunit’’ family represented by bacteriophage T7, mitochondrial, and chloro-
plast RNA polymerases and the ‘‘multi-subunit’’ bacterial and eukaryotic
